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(54) Method and apparatus for forming electrical contacts in multi-layer integrated circuits 



(57) The disclosure relates to a carrier layer (100) 
and a contact (118) enabled by the carrier layer which 
enables the fabrication of aluminium (including alumi- 
num alloys and other conductive material having a sim- 
ilar melting point) electrical contacts in multilayer inte- 
grated circuit vias, through holes, ortrenches (11 3) hav- 
ing an aspect ratio greater than one. In fact, the structure 
has been shown to enable such contact fabrication in 
vias, through holes, and trenches having aspect ratios 
as high as at least 5:1, and should be capable of filing 



apertures having aspect ratios up to about 12:1. The 
carrier layer (1 00) in addition to permitting the formation 
of a conductive contact at high aspect ratio, provides a 
diffusion barrier which prevents the aluminum from mi- 
grating into surrounding substrate material (110) which 
operates in conjunction with the electrical contact. The 
carrier layer preferably comprises a layer (11 2, 114, 116) 
formed by ionizing the flux of sputter deposition material, 
partially reacting the flux with a gas, and depositing the 
resulting material on a substrate. 
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Description 

The present invention pertains to contacts, vias and 
other pathways formed in film layers of semiconductor 
devices, and to the lining or filling of apertures, such as 
vias, holes or trenches extending through one or more 
film layers on a semiconductor or other type of sub- 
strate, to create the pathway through the film layer. The 
invention enables the filling of high aspect ratio aper- 
tures (i.e. , those having a ratio of height to width of from 
about 1 :0 to about 1 2:0 and a width of as small as 1 000 
angstroms) and planarization of the deposited film layer 
at reduced temperatures as compared to prior art meth- 
ods, and, in some cases, where traditional prior art 
methods cannot provide void free filling of the aperture 
and planarization of the resulting film layer in reasonable 
periods oftime. In one sub-embodiment, the invention 
pertains to a carrier layer, to the structure and compo- 
sition of the carrier layer, to methods for forming the car- 
rier layer, and to the equipment used to practice the 
methods for forming the carrier layer, all of which enable 
the filling of high aspect ratio electrical contacts and 
planarization of the deposited film layer during the fab- 
rication of integrated circuit devices. 

During the fabrication of integrated circuit devices 
on a substrate or wafer, it becomes necessary to fill 
holes, trenches or vias (i.e., apertures) in film layers, 
typically dielectric film layers, to create pathways, typi- 
cally conductive pathways, through the film layer. Tra- 
ditionally, the aperture filling has been provided by de- 
positing a filling material layer over a previously depos- 
ited film layer, typically a dielectric film.layer, having ap- 
ertures therethrough. For example, a contact is created 
through a dielectric layer by depositing a conductor, 
such as aluminum, into an aperture in the dielectric lay- 
er. Where the material used to fill the aperture might be 
reactive with the materials over which it is deposited, 
such as where the filling material may interdiffuse with 
the material at the base of the aperture and result in a 
material having undesirable qualities, a barrier layer 
must be deposited in the aperture to line the aperture 
before the filling material is deposited. After the barrier 
layer is deposited, a conductive material is deposited 
thereover to form the contact. To enable further process- 
ing of the wafer, the conductive material used to fill the 
aperture must be planarized to reduce any significant 
variation in the height of the exposed portion of the film 
layer, which variation is a consequence of depositing a 
relatively uniform thickness filling material layer over a 
surface filled with the apertures. 

Physical vapor deposition, or "PVD", is one known 
method of filling apertures useful in semiconductor de- 
vice fabrication. In PVD, a target of the deposition ma- 
terial is exposed to a plasma and sputtered by. ions from 
the plasma. The material sputtered from the target is de- 
posited on a substrate. The deposited material forms a 
film layer on the substrate and is also used to fill the 
apertures. To provide a planarized deposited film layer, 



and to ensure the filling of the apertures, the film layer 
may be deposited at elevated temperatures to cause the 
conductive material to "reflow 0 , thereby filling the aper- 
tures and creating a "planarized" layer, i.e., one having 
5 a relatively flat upper surface. Typically the reflow step 
is performed at substrate temperatures on the order of 
480 C or above. 

The filling of apertures using traditional sputtering 
methods has become difficult as the aperture aspect ra- 
tio has increased. Where the hole width equals the hole 
depth, i.e., at a 1:1 aspect ratio, traditional sputter dep- 
osition techniques may ensure conformal deposition of 
the target material on the sides and base of the hole and 
enable complete filling of the aperture. However, there 
is still a need, even with apertures having an aspect ratio 
of 1 :1 , to provide aperture filling at lower reflow temper- 
atures. At higher aspect ratios, nominally at aspect ra- 
tios above about 2:1, the utility of traditional sputtering 
techniques for aperture filling is questionable. The rea- 
son is substantially a result of aperture and sputter ge- 
ometries. Because the target particles sputtered from 
the target travel in linear paths, the base and lower por- 
tion of the walls of the aperture are blocked from those 
sputtered particles which are traveling transversely to 
the surface of the substrate. The deposit formed by the 
sputtered particles in high aspect ratio apertures tends 
to be very thick at the aperture opening and very thin at 
the base of the aperture. As the deposition of the sput- 
tered particles continues, the material which is deposit- 
ed at the opening of the aperture continues to build up 
during continued deposition. This deposit will increas- 
ingly block the target material from the base of the ap- 
erture wall. Eventually, the layer formed at the opening 
of the aperture can completely cover the aperture, pre- 
venting further deposition of the deposition material into 
the aperture. Therefore, to fill high aspect ratio apertures 
by sputter deposition, alternative methods must be 
used. 

One alternative approach to sputtering which may 
be used to fill high aspect ratio apertures is coherent 
deposition, wherein a collimated supply of target mate- 
rial is deposited over the surfaces of the substrate at a 
low temperature, typically below 150° C to form a "seed" 
layer of material on the substrate. After the seed layer 
is formed, the substrate is moved to a second, non-co- 
herent, sputtering chamber and the aperture is filled with 
a sputtered material which is deposited on the substrate 
while the substrate is maintained at a temperature of 
about 480° C or above. This high temperature causes 
the material being deposited on the substrate to reflow 
and thereby: 1) Fill the aperture; and, 2) result in a 
planarized film layer. The time required to fill the aper- 
tures and planarize the deposited film layer by the reflow 
technique is a function of the substrate temperature. 
The higher the substrate temperature, the faster the ap- 
ertures are filled and the film layer planarized. However, 
if the substrate is too hot, the seed layer will coalesce 
into individual droplets and prevent the formation of a 
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conformal film layer, or, previously deposited materials 
will change dimension or be thermally degraded. Where 
reflow techniques are used to fill apertures having a 
depth of 1 .2\i and an aspect ratio of approximately 1:1, 
and aluminum is being deposited as the aperture filling 
material, a substrate temperature of about 480° C can 
result in filled apertures and a planarized deposition lay- 
er in about three or four minutes. For 0.5 micron wide 
or smaller apertures, i.e. , standard 1 .2 u. deep apertures 
having aspect ratios of approximately 2:1 or higher, the 
reflow method has limited effectiveness. In particular, 
even using coherent deposition, higher aspect ratio 
holes may take too long to fill at an acceptable reflow 
temperature. Additionally, the collimator screens a sub- 
stantial quantity of the deposition material and thereby 
reduces yield and throughput. 

One additional known method of filling high aspect 
ratio apertures is to ionize at least a portion of the dep- 
osition material sputtered from the target and attract the 
ionized target material to the substrate. By ionizing the 
deposition material and electrically attracting it to the 
substrate, the deposition material reaching the sub- 
strate will be travelling perpendicular to the substrate. 
Thus, the deposition material will reach the base of the 
apertures and will not tend to collect on the upper reach- 
es of the aperture wall. 

For example, U.S. Patent No. 5,1 78,739 to Barnes 
et al. , issued Jan. 1 2, 1 993 describes a sputter deposi- 
tion system which includes a hollow, cylindrical sputter 
target disposed between an end sputter target and a 
substrate, all of which are contained in a vacuum cham- 
ber. A plurality of magnets are disposed outside the 
chamber to create intense plasma regions near the in- 
terior surface of the cylindrical target and thereby cause 
ionization of at least a portion of the material sputtered 
from the target. RF power is inductively coupled into the 
chamber through an interior rf coil located between the 
target and the substrate to sustain the plasma. The sub- 
strate is electrically biased to control the directionality 
and energy of the ionized sputtered material. The ions 
produced using the sputter deposition system are said 
to have low angular divergence after crossing the plas- 
ma sheath and therefore are said to be capable of uni- 
formly filling high aspect ratio apertures such as holes. 
(A high aspect ratio hole is typically described as being 
a hole (via) having a height to width ratio of 1 :1 or great- 
er).. 

Although ionized deposition is a known way of filling 
high aspect ratio holes, the technique is significantly 
more expensive than traditional sputtering techniques 
because the deposition rate is slower, the power re- 
quirements are greater and the equipment is more ex- 
pensive than traditional sputtering equipment. Notwith- 
standing these limitations, it is believed by those skilled 
in the art that the filling of very high aspect ratio holes, 
i.e. , those above approximately 2: 1 , may only be accom- 
plished using ionized deposition material, and that other 
techniques, such as coherent deposition followed by tra- 



ditional sputter deposition and reflow cannot meet the 
needs of device fabricators as line widths continue to 
shrink. 

An objective of the present invention is to provide a 
5 means which enables a conductive material, typically a 
metal or metal alloy, to fill a narrow, high aspect ratio, 
aperture without the formation of voids in the resulting 
deposit to provide a suitable integrated circuit electrical 
contact. The deposition of the metal or metal alloy is 
preferably carried out at substrate temperatures below 
480 D C, so that the thermal budget for the process is 
low. Even more preferably, the sputtering of the metal 
or metal alloy is carried out at substrate temperatures 
below as little as about 350 ° C to reduce the initial and 
maintenance costs of the heating element used provide 
the substrate temperatures as well as the thermal budg- 
et for the process. These lower temperatures may also 
enable use of materials in IC fabrication which have low- 
er thermal breakdown or creep temperatures but are 
useful to circuit designers, because deposition materials 
deposited on the substrate before the metal or metal al- 
loy deposition step will experience lower processing 
temperatures than those of the prior, art when the meth- 
ods of the present invention are employed to provide 
filled apertures and a planarized film layer. 

The present invention provides methods, apparatus 
and structures useful for integrated circuit device fabri- 
cation. In one aspect, the invention provides a contact 
in an aperture extending through a film layer or into a 
substrate itself. In another aspect, the invention pertains 
to a coating layer which enables the filling and planari- 
zation of apertures to form integrated circuit electrical 
contacts having widths as small as 1 000 A and aspect 
ratios ranging between about 1:1 and about 12:1. In a 
further aspect the coating layer is a barrier layer which 
prevents inter-diffusion between a material forming the 
base or side of the aperture and the material ultimately 
used to fill the aperture. In particular, a barrier layer cre- 
ated by the present invention enables the filling, without 
significant voids, of apertures with a conductive materi- 
al, such as aluminum, wherein the substrate tempera- 
ture is maintained at a temperature below as little as 350 
° C during reflow. Preferred conductive materials for fill- 
ing the electrical contacts are metals and metal alloys. 
The most preferred metals and metal alloys include, by 
way of example and not by way of limitation, aluminum 
and alloys of aluminum such as aluminum-copper, alu- 
minum-copper-silicon, aluminum-silicon, aluminum- 
germanium, aluminum-palladium-silicon and other con- 
ductive materials having a similar reflow temperature 
range, i.e., a similar range of temperatures within which 
the material will flow to provide a planarized film layer. 
Further, it is contemplated that other materials having 
higher reflow temperatures, including without limitation 
copper and copper alloys, may be used to fill the aper- 
ture using the techniques of the present invention. 
Where the carrier layer of the present invention is used, 
the step of simultaneously sputtering and reflowing a 
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conductive material to provide filled apertures and a 
planarized film layer may be carried out at the relatively 
low, as compared to the prior art, substrate tempera- 
tures of below about 450 ° C; more preferably at tem- 
peratures below about 430 0 C, and most preferably at 
temperatures in the range of about 350° C to 400 0 C. 
Where aluminum is the conductive material being used 
to fill the hole, substrate reflow temperatures as low as 
300° C are envisioned. 

In one aspect, the carrier layer may be character- 
ized as one formed by the method of sputter deposition, 
wherein at least a portion of the material sputtered from 
the target is ionized and reacted with a second material 
before it reaches the substrate. In the most preferred 
aspect, the gas used to form the sputtering plasma is 
reactive with the material sputtered off the target, such 
that the carrier layer is formed, at least in part, by a com- 
pound comprising target and gas atoms. 

In still another aspect, the carrier layer may be char- 
acterized as a smooth layer having a surface roughness 
of less than approximately 15 A ms. 

In a still further aspect, the carrier layer can be char- 
acterized. as enabling the flow of a layer of material de- 
posited thereon thereover. 

In still another aspect, the invention is an apparatus 
for providing a contact in an aperture, wherein a first 
chamber is provided for creating a carrier layer on the 
sidewalls of the aperture, and an additional chamber is 
provided for deposition of a material over the carrier lay- 
er. In one configuration, the first chamber is a sputter 
chamber which includes a means for ionizing at least a 
portion of the material leaving the target before it reach- 
es the substrate, to ensure that at least a portion of the 
material forming the carrier layer is deposited in an ion- 
ized state. 

The following is a description of some specific em- 
bodiments of the invention, reference being made to the 
accompanying drawings in which, 

Figure 1 illustrates a schematic of a conductive con- 
tact 118 formed within a high aspect ratio via 113 
using the methods and apparatuses of the present 
invention; 

Figure 2 shows a schematic of sputtering equip- 
ment 200 useful for practicing the inventions. 45 
Figure 3 graphically illustrates the percentage of 
bottom coverage of a via of the kind shown in Figure 
1 , Per cent bottom coverage as used herein refers 
to the thickness of the layer deposited on the bottom 
surface of the via as a % of the thickness of the layer so 
deposited on the upper, top surface of the via. The 
per cent bottom coverage is shown as a function of 
sputtering chamber pressure and as a function of 
the ratio of rf power (216 in Figure 2) to DC power 
(213 in Figure 2) times the DC bias (222 in Figure 2). ss 
Figure 4 graphically shows the range of time and 
temperature conditions for sputtering deposition of 
aluminum which provides aluminum filling of 0.25 u. 



As a preface to the detailed description, it should 
be noted that, as used in this specification and the ap- 
pended claims, the singular forms "a", "an", and "the" 
include plural referents, unless the context clearly dic- 
tates otherwise. Thus, for example, the term "a semi- 
conductor" includes a variety of different materials which 
are known to have the behavioral characteristics of a 
semiconductor, reference to a "plasma" includes a gas 
or gas reactants activated by an rf glow discharge, ref- 
erence to "the contact material" includes aluminum, alu- 
minum alloys, and other conductive materials which 
have a melting point enabling them to be sputtered over 
the temperature range described herein. 

Specific terminology of particular importance to the 
description of the present invention is defined below. 

The term "aluminum" includes alloys of aluminum 
of the kind typically used in the semiconductor industry. 
Such alloys include aluminum-copper alloys, and alumi- 
num-copper-silicon alloys, for example. 

The term "aspect ratio" refers to the ratio of the 
height dimension to the largest width dimension of par- 
ticular openings into which an electrical contact is to be 
placed. For example, a via opening which typically ex- 
tends in a tubular form through multiple layers has a 
height and a diameter, and the aspect ratio would be the 
height of the tubular divided by the diameter. The aspect 
ratio of a trench would be the height of the trench divided 
by the width of the trench at the trench opening. 

The term "traditional sputtering" refers to a method 
of forming a film layer on a substrate wherein a target is 
sputtered and the material sputtered from the target 
passes between the target and the substrate to form the 
film layer on the substrate, and no means is provided to 
ionize a substantial portion of the target material sput- 
tered from the target before it reaches the substrate. 
One apparatus configured to provide traditional sputter- 
ing is disclosed in U. S. Patent No. 5,320,728, the dis- 
closure of which is incorporated herein by reference. In 
such a traditional sputtering configuration, the percent- 
age of target material which is ionized is less than 10%, 
more typically less than 1%, of that sputtered from the 
target. 



through holes having an aspect ratio of about 5, 
when the through holes have been lined with a 
three-layered most preferred embodiment carrier 
layer structure (Ti/TiN/TiN x ) of the present inven- 
s tion. 

Figure 5 depicts a schematic of a multi-chamber low 
pressure processing system having individual low 
pressure processing chambers within the system. 
A workpiece comprising a substrate on which an in- 
10 tegrated circuit device is being formed can be 
moved from one individual chamber to another us- 
ing robots (not shown) while remaining contained 
within the low pressure environment. 

15 |. DEFINITIONS 
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II. INTRODUCTION TO THE EMBODIMENTS 

In accordance with the present invention, it has 
been discovered that it is possible to use traditional, i. 
e., non-ionized, non-coherent, sputter deposition tech- 
niques, to deposit conductors, in particular aluminum 
(and aluminum alloys), into an aperture (such as a 
trench, via or through hole) in a film layer or substrate, 
wherein the aperture has an aspect ratio of 1 :1 or great- 
er and wherein the deposition of the conductor is con- 
ducted at reflow temperatures substantially below tradi- 
tional prior art reflow temperatures (of the substrate) on 
the order of 480° C or more to form a contact or via in 
the aperture. This is enabled by forming a carrier layer 
on the walls of the high aspect ratio aperture before the 
conductor is deposited. Applicants have learned that 
this carrier layer enhances the flow or migration of the 
deposition material used to fill the aperture, thereby en- 
abling the filling of apertures using traditional sputter 
and reflow techniques in apertures which could not be 
filled in reasonable periods of time using prior art sputter 
and reflow techniques. In fact, this has been accom- 
plished in apertures only 0.25 u, wide (0. 1 5u> at the base) 
having an aspect ratio of approximately 5.0 at a sub- 
strate reflow temperature of 390 C for a period of four 
minutes, which was not heretofore considered practica- 
ble using conventional sputtering techniques. In partic- 
ular, the invention has enabled sputter deposition of alu- 
minum over a carrier layer to form contacts in high as- 
pect ratio holes and thereby create contacts in apertures 
which were deemed impractical or impossible to fill us- 
ing traditional sputtering techniques, or which were be- 
lieved to only be tillable where the flux of sputtered con- 
ductive material was ionized and then electrically at- 
tracted to the substrate. The invention includes the con- 
tact formed in the high aspect ratio aperture as is ena- 
bled by the carrier layer, the process of forming the con- 
tact, including the process of forming the carrier layer, 
and the apparatus used to create the contact and carrier 
layer. 

III. THE EMBODIMENTS 

The present invention employs a novel apparatus 
and novel method to provide a contact, via or other 
structure in an aperture in a film layer. The method and 
apparatus may be used to provide the contact, via or 
other similar structure in a high aspect ratio hole without 
the need for collimators and without the need to provide 
the aperture filling material (typically a conductor) in an 
ionized form. The methods and apparatus also provide 
a carrier layer which is deposited on the side wall of the 
aperture with a filling material deposited thereover. In 
one specific embodiment, the carrier layer is deposited 
using ionized deposition techniques wherein a material 
is sputtered from the target and ionized, at least in part 
(10 to 100% ionization), before it is deposited on the 
substrate. Preferably, a portion of the carrier layer is 



composed of non-reacted target material and the re- 
mainder of the carrier layer is composed of target ma- 
terial which has been reacted with a gas before being 
deposited on the substrate. Applicants have discovered 
5 that the carrier layer facilitates the filling of high aspect 
ratio holes at lower reflow temperatu res than those used 
in the prior art, and without the need for a collimated 
seed layer. 



As an illustration of an aperture such as a via, trench 
or hole to be filled using the techniques described herein 
to form a contact, Figure 1 shows a schematic of an ap- 
erture 1 1 3 containing the carrier layer 1 00. The example 
aperture 1 1 3 of the Figure was formed through a silicon 
dioxide film layer 111 overlying a silicon base 100. The 
aperture 1 1 3 was created by dry etching through the sil- 
icon dioxide layer 111 to silicon base 110. 

B. THE CONTACT OF THE PRESENT INVENTION 

Referring initially to Figure 1 , there is shown therein 
an exemplary contact 118 formed in a high aspect ratio 
aperture 113, specifically an aperture 113 having an as- 
pect ratio of about 5:1 (25u. wide by 1.2 u. deep). The 
contact includes at least two sub-elements: A carrier lay- 
er; and a conductive material which has been deposited 
over the carrier layer to fill the volume of the aperture 
remaining after the carrier layer has been deposited. In 
an embodiment of the contact described herein, the car- 
rier layer is formed by sputtering a material from the tar- 
get and depositing it on the substrate, reacting a portion 
of the sputtered material with a gas maintained in the 
space between the target and the substrate before it de- 
posits on the substrate, and also ionizing at least a por- 
tion of the material sputtered from the target before it is 
deposited on the substrate. The conductive material of 
the exemplary contact was provided by traditional sput- 
tering of a target composed of the conductive material 
to deposit a seed layer over the carrier layer at a low 
temperature then continuing deposition of the conduc- 
tive material in the same chamber while a simultaneous 
reflow step is performed by heating the substrate tem- 
perature of 390° C for four minutes. 

In the specific embodiment of the contact shown in 
Figure 1, aluminum is used as a conductive material 
which is deposited over the carrier layer using traditional 
sputtering techniques. To form a contact the aperture 
extends to a region of the underlying substrate, and it 
includes an exposed portion of the silicon substrate at 
the base 111 thereof. To prevent interdiffusion between 
the silicon and the aluminum, the carrier layer also func- 
tions as a barrier layer. In this embodiment of the con- 
tact, the barrier layer is formed of three sub-layers, 
which may, if desired, be formed in a single chamber. 
The first sub-layer 112 is a sub-layer of titanium which 
was sputtered from a target and partially ionized (10 to 



10 A. A REPRESENTATIVE APERTURE 
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100% ionization) before being deposited upon the sur- 
face of both silicon dioxide layer 111 and silicon base 
110; the second sub-layer 114 is a layer of sputtered 
titanium which is partially ionized and reacted with nitro- 
gen to form titanium nitride before it is deposited over 5 
first sub-layer 112; and the third sub-layer 116 is a layer 
composed of both sputtered titanium and titanium nitride 
deposited in a partially ionized state (10 to 100% ioni- 
zation). After depositing the titanium layer 112, a thin 
layer of titanium silicide 124 may be formed at the bot- 
tom of via 1 1 3 by high temperature annealing to provide 
the barrier layer between the conductor and the under- 
lying substrate. However, it has been found that the car- 
rier layer of the present invention will function as a bar- 
rier layer without the need to anneal the carrier layer to 
form the titanium silicide. 

The carrier layer, once deposited, provides a con- 
formal layer having a thickness of approximately 800 A, 
leaving an interior volume 117 within the aperture to be 
filled with the conductive material. The remaining vol- 
ume 117 of the contact 100 is then filled by traditional, 
i.e. non-ionized, sputtered aluminum (or aluminum al- 
loy) deposition with a reflow step performed at a rela- 
tively low substrate temperature on the order of 390 C 
for 2 minutes to 350 C for 10 minutes. Contrary to the 
suggestion in the prior art that very high aspect ratio ap- 
ertures can only be filled by ionized deposition of a sput- 
tered source of a conductor, applicants have discovered 
that by using the carrier layer as described herein, the 
aperture fill material can be deposited using traditional 
sputter techniques and flowed into a high aspect ratio 
aperture to create contacts, vias, etc. Therefore, by em- 
ploying the carrier layer hereof, a layer of conventionally 
sputtered aluminum may be used to fill the remaining 
volume of the aperture to create the contact. This is pre- 
ferred, since the equipment required for ionized depo- 
sition of sputtered aluminum is much more expensive 
than that required for standard, or traditional, deposition 
of sputtered materials. Further, the carrier or barrier lay- 
er enables deposition of a conventionally sputtered lay- 
er of aluminum into the aperture at reflow temperatures 
substantially below those of the prior art. 

C. THE CARRIER LAYER OF THE PRESENT 
INVENTION 

1. One embodiment of the carrier layer 

The carrier layer of the present invention may be 
used as a barrier layer, as is described above with re- 
spect to a contact, or it may be used to facilitate the filling 
of high aspect ratio apertures with a filling material such 
as a conductor where a barrier layer is unnecessary. In 
either case, the carrier layer enables filling of apertures 
having high aspect ratios with a filling material in a reflow 
process at lower temperatures and/or with faster filling 
and planarization times as compared to the prior art. The 
carrier layer may be characterized in several ways. It is 



believed that a carrier layer meeting the characteristics 
of any of the characterizations will enable the filling of 
high aspect ratio apertures at lower temperatures and 
faster reflow times as compared to the prior art. In one 
characterization, the carrier layer is a smooth layer, i.e., 
a layer having an exposed surface which has a low sur- 
face roughness as compared to the prior art. One such 
smooth layer is comprised of a densely packed colum- 
nar barrier layer material structure, wherein the columns 
are disposed substantially perpendicular to the aperture 
wall. In another characterization, the carrier layer has a 
wetting effect, i.e. , it enhances the flow of materials ther- 
eover, specific materials including aluminum and alloys 
thereof. In a still further characterization, the carrier lay- 
er is one formed by the deposition of a material onto the 
walls and base of the aperture by the process of ionized, 
partially reactive, deposition of sputtered particles, i.e., 
where the material being sputtered from the target is ion- 
ized at least in part, and partially reacted with a gas, and 
the ionized partially reacted material is directed toward 
the substrate, such as by the maintenance of an electric 
field on the substrate support. 

One embodiment of the carrier layer structure of the 
present invention for lining apertures such as vias, 
trenches, and through holes is achieved by depositing 
a layer of an ionized, sputtered, refractory metal on the 
substrate; followed by ionized deposition of a sputtered 
refractory metal in a reactive atmosphere to deposit a 
second layer of a refractory metal compound on the sub- 
strate; followed by the deposition of a layer composed 
partially of ionized refractory metal which has been re- 
acted with a gas to form a refractory metal compound 
and partially by an ion ized refractory metal to form a third 
layer on the substrate. The third layer may contain a per- 
centage of refractory metal compound formed by main- 
taining a gas reactive with the sputtered refractory metal 
in the region between the target and the substrate as 
the target is sputtered; preferably, the highest concen- 
tration of refractory metal compound formed in the third 
layer is adjacent the second layer, with increasing con- 
centration of the refractory metal (less concentration of 
the compound) toward the outer surface of the third lay- 
er. One known method of providing this composition of 
the third layer is to maintain the chamber at a poisoned 
mode, i.e., where the quantity of reactive gas exceeds 
the quantity needed to ensure complete reaction be- 
tween the sputtered material and the gas, and shutting 
off the reactive gas supply while maintaining the supply 
of argon (or other non-reactive species) to allow sput- 
tering to continue. The remaining reactive gas will react 
with the sputtered material, such that the available 
quantity of reactive gas will decrease as it is used to 
form the compound. Preferably, the power supporting 
the gas in a plasma state is switched off before all of the 
reactive gas is reacted, thereby ensuring that the outer- 
most surface of the carrier layer includes both the sput- 
tered material in pure form and the compound com- 
posed of the sputtered material and the reactive gas. 
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Once the carrier layer has been deposited an electrical 
contact, or metallized layer in general, can be obtained 
by sputtering of a conductive material such as aluminum 
from a target and depositing it over the third layer of the 
smooth barrier layer structure using traditional sputter- 
ing and reflow techniques. In the embodiment of the car- 
rier layer of Figure 1, the carrier layer is comprised of 
three layers: Ti/TiN/TiN x . Applicants also believe that 
other refractory metals and refractory metal com- 
pounds, including without limitation TaN and Ta, will pro- 
vide the advantages of the invention. Additionally, al- 
though the preferred implementation of the invention 
contemplates that the carrier layer includes multiple 
sub-layers where each sub-layer is composed of the 
same metal base, i.e., Ti is the base metal in the 
Ti\TiN\TiN x layer, applicants believe that the individual 
layers of a multi-level carrier layer could be composed 
of different materials as the base metal in each layer. 
One primary advantage of using a single base metal, 
such as Ti, to form the multi-layered carrier layer is that 
the entire carrier layer can be deposited in a single 
chamber in a continuous process. 

Although the carrier or barrier layer of the example 
contact 118 is provided with three different sub-layers, 
applicants believe that just the outermost layer, in the 
specific example the TiN x layer formed of Ti and TIN, 
(the x reflecting the percentage of TiN, by weight, in the 
layer), or just a TiN layer, will provide the enhanced ap- 
erture filling characteristics of the present invention. 

2. Characterization of the carrier layer. 

Applicants have found that one characteristic of the 
carrier layer is its microstructure. The microstructure of 
the refractory metal or metal compound formed using 
standard reactive sputtering techniques would not per- 
mit sputtered aluminum undergoing a reflow operation 
to easily flow into a high aspect ratio aperture and there- 
by fill it. This appears to be due to the surface topogra- 
phy and lack of wettability of the traditionally sputtered 
refractory metal compound. However, one characteris- 
tic of the carrier layer of the present invention is a rela- 
tively smooth surface, approximately one-third the rms 
surface roughness (about 15 A) of a prior art, tradition- 
ally sputtered, barrier layer (about 40-50 A rms). It has 
been found by applicants that this smoother layer ena- 
bles filling of high aspect ratio holes at lower tempera- 
tures and within the time constraints of integrated circuit 
manufacturers, i.e., approximately five minutes, as com- 
pared with prior art traditionally sputtered barrier layers. 
In fact, the carrier layer of the present invention has en- 
abled the filling of apertures with an aluminum conduc- 
tor, wherein the aperture has an aspect ratio of 5:1 and 
a width of approximately 2500 Angstroms, which is not 
possible in a reasonable period of time following prior 
art techniques. When aluminum was sputter deposited 
into an aperture having these characteristics using tra- 
ditional sputtering techniques, the sputtered aluminum 



was full of unacceptable voids. Attempts to reflow the 
aluminum to eliminate the voids were unsuccessful, 
even at elevated temperatures. 

Another characteristic of the carrier layer is that of 
5 a plurality of densely packed crystalline or granular de- 
posits of deposition material, having a generally longi- 
tudinal grain structure whose orientation is perpendicu- 
lar to the aperture wall. In the prior art structure, where 
the carrier layer is deposited using traditional sputter 
10 techniques, similar grain or crystalline structures are 
formed, but their orientation is not perpendicular to the 
aperture wall, and the end faces face upward creating 
a series of sawtooth edges. It is believed that these edg- 
es inhibit flow of the conductor down the wall of the ap- 
is erture in the prior art. 

A still further characteristic of the carrier layer is that 
it forms a wetting layer which enhances the flow of the 
conductive material therepast. Specifically, applicants 
believe that the layer enhances the flow of the conduc- 
tive material therepast to enable void free filling of the 
aperture. 

Each of these characteristics is provided by the for- 
mation of the three layer Ti/TiN/TiNx layer using ionized 
deposition techniques as described herein. 

D. THE METHOD 

The contact structure of the present invention is cre- 
ated within an aperture such as a via, through hole, or 
trench, by first depositing a carrier layer over the walls 
and base of the aperture and then filling the aperture by 
depositing the filling material using traditional sputter 
techniques and reflowing the material to fill the aperture. 
The carrier layer which is used to line the aperture is 
provided by ionized deposition, preferably by ionizing a 
flux of sputtered material. The carrier layer is preferably 
comprised of at least one layer of a ionized sputtered 
refractory metal which is partially reacted with a gas to 
form a film layer comprised of refractory metal and re- 
fractory metal compound in a thin layer (100 A or less). 
For purposes of discussion, and not by way of limitation, 
the invention will be described herein in terms of titanium 
as the refractory metal and titanium nitride as refractory 
metal compound. In one embodiment the structure is a 
three-layer structure of the kind shown in Figure 1 and 
described above. 

As previously described, it has been discovered 
that the deposition of ionized sputtered titanium, where- 
in a portion of the sputtered ionized titanium is reacted 
with nitrogen, to form a carrier layer produces a surface 
within an aperture having a smoother surface with re- 
spect to prior art barrier layers which permits subse- 
quently sputtered aluminum to wet the surface of the 
barrier layer and flow over that surface. In fact, surpris- 
ingly, the aluminum flows in a manner such that the alu- 
minum continues to slip over the sidewall surfaces, 
gradually filling any voids which were initially trapped 
within the sputtered aluminum, at temperatures signifi- 
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cantly below prior art reflow temperatures. Although ap- 
plicants consider that the 71 N x layer or a TiN layer alone 
will supply the reflow and filling enhancements de- 
scribed herein, applicants consider the most preferred 
carrier layer to be comprised of a base layer of Ti, an 
overlying layer of TiN, and a final layer of TiNx. . 

The above described methods are particularly well 
carried out in a low-pressure processing system 500 of 
the kind shown in Figure 5. Application of the smooth 
barrier layer structure can be carried out in one individ- 
ual low pressure chamber 510 (having the construction 
shown in Figure 2)," while aluminum sputtering is carried 
out in another individual low pressure chamber 512 
(having a similar construction as the chamber shown in 
Figure 2, less the coil 214 and with closer target to sub- 
strate spacing, and with means for heating the substrate 
such as an electric heater in contact with the substrate 
support with a gas maintained between the substrate 
and the support member), with subsequent processing 
carried out in yet another individual low pressure cham- 
ber 51 3. One embodiment of a support member heater 
and gas flow arrangement for practicing the invention is 
disclosed in U.S. Patent No. 5,228,501 , fully incorporat- 
ed herein by reference. A center low pressure chamber 
51 4 connects the individual low pressure chambers, and 
a robot (hot shown) is used to transfer workpieces from 
one individual low pressure chamber to another. 

One method for fabricating to the carrier layer of the 
invention, includes the steps of a providing a flux of sput- 
tered material, ionizing the sputtered material, reacting 
a portion of the flux of sputtered material with a gas to 
form a compound before it is deposited on the substrate, 
maintaining a bias on the substrate support member to 
attract ions to the substrate to simultaneously deposit 
the sputtered material and the compound on the sub- 
strate, then depositing a fill material on the substrate and 
reflowing the fill material to fill the aperture. Preferably, 
the fill material is deposited in two steps: A seed layer 
of the fill material is deposited at a temperature of below 
approximately 150 C, and the remainder of the fill ma- 
terial is deposited while the substrate is being heated 
to, and then maintained at, an elevated "reflow" temper- 
ature. The deposition of the carrier layer is performed in 
a first chamber, and the deposition of the filling material 

is performed in an additional chamber. 

*1o provide the three layer structure of the carrier lay- 
er as shown in Figure 1 , all three sub-layers are prefer- 
ably deposited in a single chamber in a continuous proc- 
ess. This may be accomplished, in the case of a titanium 
based carrier layer, by following the steps of sputtering 
a titanium target, ionizing at least a portion of the titani- 
um (10% to 100%) before it is deposited on the sub- 
strate, attracting the ionized target material to the sub- 
strate and forming the first sub-layer therewith, then in- 
troducing a sufficient quantity of a reactive gas, prefer- 
ably nitrogen, into the chamber a& sputteri ng andjo ni- 
zaticjico ntinues and thereby causing all of the material 
sputtered from the target to react with the gas to form a 
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compound film layer of TiN on the substrate, and then 
stopping the flow of reactive gas to the chamber while 
still sputtering the target and ionizing the sputtered tar- 
get material to form a film layer on the substrate com- 
posed of both the base target material, preferably Ti and 
a reacted product, preferably TiN. Once the Ti/TiN sub- 
layer (hereinafter TiNx) has been formed to a sufficient 
thickness, the power to the system is shut off to stofi 
sputtering process. 

"After a carrier layer of the appropriate composition 
and thickness is deposited on the substrate, the sub- 
strate is moved to a traditional sputtering chamber, 
where a filling material is deposited over the carrier layer 
using traditional sputter deposition and reflow tech- 
niques, but the formation of the seed layer at low tem- 
perature followed by reflow at high temperature may be 
performed in a single chamber. 

E. AN APPARATUS FOR PRACTICING THE 
INVENTION 



A process system in which the method of the 
present invention may be carried out is the Applied Ma- 
terials (Santa Clara, California) 5500 Integrated 
25 Processing System. This process system is not specif- 
ically shown in the Figures, however, the processing el- 
ements shown in Figure 2 can be operated within one 
of the low pressure process chambers contained within 
such an Integrated Processing System. The system is 
30 also shown and described in United States Patents Nos. 
5,186,718 and 5,236,868, the disclosures of which are 
incorporated by reference. With reference to Figure 2, 
one low pressure process chamber for forming the 
smooth barrier layer of the present invention employs a 
35 standard sputter magnet 210 (to confine the sputtering 
plasma, enabling an increased sputtering rate) and a 
sputtering target cathode 212 which operates at power 
levels up to about 24 kW. To form the specific, Ti based 
carrier layer, a titanium target cathode was 14 inches 
40 (35.5 cm) in diameter and DC power was applied to this 
cathode over a range from about 3 kW to about 5 kW. 
The substrate, comprising an 8 inch (20.3 cm) diameter 
silicon wafer, was placed a distance of about 5 inches 
(12.7 cm) from target cathode 212. A high density, in- 
} 4S ductively coupled rf plasma was generated in the region 
between the target cathode 212 and the substrate 218 
by applying rf power 21 3 over a range from about 1 MHz 
to about 1 3.6 MHz to a multiple turn coil (preferably more 
than 4 turns) of water cooled 0.125 inch (0.32 cm) di- 
50 ameter metallic tubing 21 4 surrounding a plasma region 
between the target and substrate. A lower frequency bi- 
as, on the order of 50 to 800 kHz, is applied to the sub- 
strate 218 or the support member. A resulting D.C. self 
bias attracts ions from the plasma to the substrate. 
ss Although the preferred apparatus for forming the 
carrier layer uses a coil to inductively couple the plasma 
and ionize the sputtered material, other means for ion- 
izing the material are contemplated. For example, an 
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ECR source, such as that shown and described in U.S. 
Patent No. 4,911,814 incorporated herein by reference, 
or a helicon type coupling device such as that shown in 
U.S. Patent No. 4,990,229, incorporated herein by ref- 
erence, are also specifically contemplated. Likewise, $ 
other apparatus which would supply an ionized stream 
of deposition particles having an ionized percentage of 
1 0 to 1 00% are contemplated as being useful to practice 
the inventions. 

10 

IV. EXAMPLES 



A. EXAMPLE A 



15 



To obtain a deposition rate of an ionized, partially 
background gas reacted, titanium nitride/titanium layer 
of about 300 A per minute upon the surface of an 8 inch 
(20.3 cm) diameter substrate, 1.5 KW of rf power at 2 
MHz was applied to coil 214 while 5 KW of DC power 
was applied to titanium target cathode 212, and an AC 
bias of 90 Watts at 350 kHz was applied to substrate 
platen electrode 220, resulting in a D.C. self-bias of 70 
V. The sputtering and ionization of the sputtered mate- 
rial was carried out in a process chamber with the cham- 
ber pressure ranging from about 20 mT to about 30 mT. 
To obtain the 300 A per minute deposition rate, the sput- 
tering and ionization of the sputtered material was car- 
ried out at about 30 mT. This pressure corresponded to 
an argon feed rate of about 1 0 seem and a-nitroaen fee cTfr 
rate of about 70 seem in the Applied Materials 5500 ln**4 30 
tegrated Process System. The temperature of the sub- j 
strate in the process chamber was about 50 °C. / 
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B. EXAMPLE B 
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To obtain a deposition rate of about 1200 A per 
minute of ionized titanium upon the surface of an 8 inch 
(20.3 cm) diameter substrate, 1.5 KW of rf power at 2 
MHz was applied to coil 214 while 5 KW of DC power 
was applied to titanium target cathode 212, and a low 40 
frequency bias of 120 Watts at 350 kHz was applied to 
substrate platen electrode 220 resulting in a D.C. self 
bias of 45 V. The sputtering and ionization was carried 
out in a process chamber over a chamber pressure 
ranging from about 20 mT to about 30 mT argon. To ob- 45 
tain the 1200 A per minute deposition rate, the sputter- 
ing and ionization was carried out at about 20 mT. This 
pressure corresponded to an argon feed rate of about 
45 seem in the Applied Materials 5500 Integrated Proc- 
ess System. The temperature of the substrate in the so 
process chamber was about 50 0 C. 

V. STEP COVERAGE OF THE CARRIER LAYER 

Figure 3 shows the % of bottom coverage achieved 55 
for ion-deposition sputtered titanium and titanium nitride 
as a function of power applied and the process chamber 
pressure. Percent bottom coverage refers to the thick- 



ness of the ionized sputtered deposition of titanium or 
resulting titanium nitride at the bottom of a through hole 
as a percentage of the thickness of the material depos- 
ited on the upper surface of the substrate surrounding 
the through hole. Thus, if the bottom coverage is 50 %, 
the thickness of the layer at the bottom of the through 
hole is 50 % of the layer thickness on the upper surface 
of the substrate. The bottom coverage obtained using 
ionized deposition of sputtered particles has been dem- 
onstrated to be more than ten times greater than that 
achieved using standard sputtering techniques. This 
marked increase in bottom coverage has been accom- 
panied by a surprising increase in the smoothness of 
the walls of the through hole, enabling the aluminum to 
flow with unexpected ease over the walls to provide rap- 
id filling of the hole without the presence of void areas 
in the final contact structure. 

The data presented In Figure 3 is for a through hole 
having a 0.25 u. diameter at the bottom of the through 
hole and an aspect ratio of about 5: 1 (5.0). The applied 
power function was calculated as the ratio of induction 
coil RF power to target cathode DC power, with the ratio 
multiplied by the support electrode DC bias. 

VI. PROCESS WINDOW FOR 0.25 MICRON 
APERTURES 

Figure 4 shows the time temperature conditions for 
aluminum sputtering which provide aluminum filling of 
0.25 p. diameter through holes having an aspect ratio of 
about 5. The through holes were prepared by dry etch- 
ing a silicon dioxide layer approximately 1 .2 ji thick 
which had been deposited over a silicon wafer sub- 
strate. The three-layered Ti/TiN/Ti x ionized sputtered 
material structure of the present invention was then ap- 
plied over the through holes (including the underlying 
silicon substrate). 

The through holes represented in Figure 4 were 
lined with a first layer of ionized sputtered material de- 
posited about 200 A thick which was applied over the 
surface of the substrate comprising through holes. Typ- 
ically, the thickness of the titanium layer at the bottom 
of the hole was about 140 A, about 70 % of the 200 A 
thick deposit on the upper surface of the substrate sur- 
rounding the through hole (bottom coverage was about 
70 %). Subsequently a second layer of titanium nitride 
about 800 A thick was deposited over the surface of the 
titanium layer after being ionized and reacted with nitro- 
gen. Typically the thickness of the titanium nitride layer 
at the bottom of the hole was about 540 A, about 65 - 
70 % of the 800 A deposit on the upper surface of the 
substrate. Finally, a third layer of titanium was deposited 
over the surface of the titanium nitride layer using the 
ionized deposition and reactive process previously de- 
scribed herein. Typically the thickness of the third layer 
at the bottom of the hole was about 60 A, about 60% of 
the thickness of the titanium layer on the upper surface 
of the substrate. Since the third layer formation was in- 
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itiated in the same process chamber immediately after 
nitrogen gas flow for formation of the second layer was 
terminated, the third layer contained approximately 10 
% by weight of titanium nitride, mainly concentrated to- 
ward the initially-formed portion of the third layer. Pref- 
erably, all of the titanium layers are deposited in the 
same chamber in sequence. The through holes, lined 
with the preferred embodiment of the structure of the 
present invention, were then filled with conventionally 
sputtered aluminum. In particular, the aluminum was 
sputtered from a target of about 0.5 % copper and about 
99.5 % aluminum, with the copper being present to en- 
hance the electromigration resistance of the aluminum 
film. Initially, a layer of cold-sputtered aluminum approx- 
imately 2,000 A thick was applied over the three-layered 
structure. This cold-sputtered aluminum layer, applied 
at a substrate temperature of about 150 0 C or lower, 
provided a "seed" layer which adheres well to the titani- 
um layer of the three-layered structure. The bulk of the 
aluminum contact was then deposited by sputtering at 
the temperature specified on the graph of Figure 4. The 
aluminum was sputtered from the same target and 
maintaining the substrate support the same distance 
from the target as with the cold deposition, using con- 
ventional techniques known to those skilled in the art. 
The D.C. power was adjusted to give a 8000 Angstrom 
layer in the time specified in Figure 4. The sputtering 
was carried out in a process chamber over argon pres- 
sure ranging from about 0.5 mT to about 2 mT This cor- 
responded to an argon feed rate of about 35 seem in the 
Applied Materials 5500 Integrated Process System 
chamber. 

The checked area 41 0 shown on the Figure 4 graph 
represents the conditions under which sputtered alumi- 
num could be applied during a metallization process us- 
ing prior art barrier formation techniques. Although use- 
ful for some applications, these conditions do not enable 
the filling of a through hole having a width of 0.25 ji and 
an aspect ratio greater than 1 . The diagonally-striped 
area 412 shown on the Figure 4 graph (including the 
area underlying checked area 410) represents the con- 
ditions under which aluminum can be sputtered over the 
smooth barrier layer of the present invention to achieve 
filling of a through hole having a width of 0.25 u. and an 
aspect ratio of 5.0. Due to the lower temperature proc- 
ess window available, it is possible to use low temper- 
ature heating elements having a longer lifetime, to heat 
the substrate to lower temperatures to reduce power 
consumption during the aluminum sputtering process, 
and to enable expansion of the available materials 
which may be used to fill contacts by reflow. 

Confirmation that the through holes were filled and 
void free was made using cross sectional scanning elec- 
tron microscopy. 

VII. SOME ALTERNATIVES 

Although in the most preferred embodiment of the 



invention the conductor layer is provided by sputter de- 
positing a "seed" layer of conductor material at low tem- 
perature, and then filling the remainder of the aperture 
with a sputter deposited conductor at high temperature, 
5 the aperture fill may be provided in other ways, such as 
by long throw sputtering where the substrate is posi- 
tioned further from the target than its diameter, followed 
by sputter deposition at normal, i.e., 2 to 5 cm substrate 
to target spacing, ionized deposition of sputtered target 
material or other methods. However, the inventors have 
found that the lining provided by the deposition of ion- 
ized sputter material as described herein provides the 
greatest advantage, i.e., the greatest improvement in 
hole filling capability, where the conductor is provided 
by conventional sputtering. In particular, the lining pro- 
vided by ionized sputtering allows filling of the apertures 
with conventional sputtering, which typically has a dep- 
osition rate at least twice that of ionized sputtering or 
long throw sputtering. Therefore, the invention can be 
used to greatest advantage by providing a cluster tool 
along the lines of Figure 5, wherein at least one depo- 
sition chamber provides the carrier layer, and the other 
chambers provide the conductor material. Although the 
contact and carrier layer, the apparatus for forming the 
contact and carrier layer, and the methods of forming 
the contact and carrier layer are all described with re- 
spect to the creation of the carrier layer using physical 
vapor deposition techniques, applicants submit that any 
carrier layer having one or more of the properties of the 
carrier layer formed using the techniques described 
herein is useful for enabling filling of high aspect ratio 
holes using traditional sputtering techniques. Therefore, 
applicants submit that the carrier layer and contact of 
the present invention should be broadly construed, to 
encompass any carrier layer or sputter deposited con- 
tact over a carrier layer, wherein the carrier layer has 
one or more of the properties or characteristics de- 
scribed herein. 

The above described preferred embodiments are 
not intended to limit the scope of the present invention, 
as one skilled in the art can, in view of the present dis- 
closure expand such embodiments to correspond with 
the subject matter of the invention claimed below. 



1. An electrical contact in a multilayer integrated cir- 
cuit, wherein the aspect ratio of the aperture within 

so which the electrical contact is formed exceeds 1:1, 
said electrical contact comprising: 

an aperture lining composed of a carrier layer; 
and 

55 a sputtered conductor deposited over said car- 

rier layer and reflowed to fill said aperture. 

2. The contact of claim 1 , wherein said carrier layer is 
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deposited in a sputtering chamber, and at least a 
portion of the material sputtered from the target to 
form the carrier layer is ionized prior to the deposi- 
tion thereof on the substrate. 

3. The contact layer of claim 2, wherein said carrier 
layer also includes, in part, a component of the tar- 
get material reacted with a second species before 
being deposited on the substrate. 

4. The contact of claim 1, wherein said carrier layer 
includes a first sub-layer of a material sputtered 
from a target and deposited on the substrate after 
a portion thereof has been ionized, a second sub- 
layer of sputtered material deposited on said first 
layer after a portion of the sputtered material is ion- 
ized and is further reacted with a gas before being 
deposited, and a third sub-layer applied over the 
surface of said second sub-layer, said third layer 
forming a surface layer comprised of a first portion 
of sputtered material which has been ionized before 
it is deposited on the second sub-layer and a portion 
which has been ionized and reacted with a gas be- 
fore being deposited on the substrate. 

5. The contact of claim 1, wherein said carrier layer 
includes at least two sub-layers, and the outermost 
surface layer of said sub-layers is formed of sput- 
tered material which has been ionized prior to dep- 
osition thereof on the substrate. 

6. The contact of claims 4 or 5, wherein said surface 
layer contains reactive ion-deposition sputtered re- 
fractory metal compound which has been ionized 
and reacted with a gas at concentrations of less 
than about 10% by weight of said surface layer. 

7. The contact of Claim 6, wherein said sputtered ma- 
terial is titanium. 

8. The contact of Claim 7, wherein said gas is nitrogen. 

9. The contact of claim 1, wherein said carrier layer 
provides a barrier layer. 

10. The contact of claim 1 , wherein said carrier layer is 
a wetting layer. 

11. The contact of claim 1, wherein said carrier layer 
has an rms surface roughness of less than 40 Ang- 
stroms. 

12. The contact of claim 1 , wherein said carrier layer is 
comprised of densely packed grains oriented to 
minimize the resistance of conductors flowed ther- 
eover. 

13. The contact of claims 1 to 1 2, wherein said conduc- 



tor is aluminum. 

14. A carrier layer which enables the fabrication of an 
electrical contact in a multilayer integrated circuit, 

5 wherein the aspect ratio of the electrical contact ex- 
ceeds 1:1, said structure comprising at least one 
layer of a sputtered material, a first component of 
which has been ionized, at least in part, prior to dep- 
osition thereof on the substrate and a second com- 

10 ponent of which has been ionized, and reacted with 
a gas, prior to the deposition thereof on the sub- 
strate. 

15. The carrier layer of Claim 14, wherein said sput- 
75 tered material is titanium and said gas is nitrogen. 

1 6. The carrier layer of claim 1 4, wherein the carrier lay- 
er provides a barrier layer. 

20 17. An electrical contact in a multilayered integrated cir- 
cuit, wherein the aspect ratio of said electrical con- 
tact exceeds 1:1, said electrical contact comprising: 

a) at least one first layer formed of a sputtered 
25 refractory metal compound which has been ion- 
ized at least in part before deposition on the 
substrate and which has been reacted in part 
with a gas prior to the deposition thereof onto 
the substrate, said first layer applied over the 

30 surface of an opening through which said elec- 

trical contact is to pass; and 

b) at least one layer of conductive material ap- 
plied over the surface of said first layer and re- 
flowed to fill said contact. 

35 

1 8. The electrical contact of claim 1 7 wherein said layer 
of conductive material is deposited by sputtering. 

1 9. An electrical contact in a multilayered integrated cir- 
40 cuit, wherein the aspect ratio of said electrical con- 
tact exceeds 1:1, said electrical contact comprising: 

a) at least one first layer of a sputtered refrac- 
tory metal formed on said substrate after at 
least a portion thereof has been ionized, said 
first layer applied over the surface of an open- 
ing through which said electrical contact is to 
pass; 

b) at least one second layer formed of a sput- 
tered refractory metal compound which has 
been ionized at least in part before deposition 
on the second layer and which has been react- 
ed with a gas prior to the deposition thereof on- 
to the second layer; 

c) at least one third layer formed of a sputtered 
refractory metal which has been ionized at least 
in part before deposition on the substrate and 
which has been reacted in part with a gas prior 
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to the deposition thereof onto the substrate, 
said first layer applied over the surface of an 
opening through which said electrical contact 
is to pass; and 

d) at least one layer of conductive material ap- 
plied over the surface of said second layer and 
ref lowed to fill said contact. 

20. The electrical contact of Claim 19, wherein said re- 
fractory metal compound is titanium nitride, said re- 
fractory metal is titanium, and said conductive ma- 
terial is aluminum or an aluminum alloy. 

21 . The electrical contact of Claim 1 9, wherein said alu- 
minum or aluminum alloy is deposited by sputtering. 

22. A method of producing a barrier layer which enables 
the fabrication of a sputtered electrical contact in a 
multilayer integrated circuit, wherein the aspect ra- 
tio of the electrical contact exceeds 1:1 , said meth- 
od including the step of providing a carrier layer 
composed of a combination of the target material 
and a compound of the target material and a gas. 

23. The method of Claim 22, wherein the target material 
is a refractory metal. 

24. The method of Claim 23, wherein said refractory 
metal is titanium and the gas is nitrogen. 

25. The method of Claim 24, wherein said carrier layer 
is formed by gradually eliminating the presence of 
reactive nitrogen gas from the chamber in which 
said carrier layer is being formed. 

26. The method of Claim 25, wherein said presence of 
nitrogen gas is eliminated by gradually discontinu- 
ing the flow of nitrogen gas to the chamber in which 
said second layer is being formed. 

27. The method of Claim 25, wherein the power to said 
ion-deposition sputtering process is turned off at a 
specific time during said eliminating of said nitrogen 
gas presence from the chamber, or is turned off a 
specific time period after elimination of said pres- 
ence of said reactive nitrogen gas. 

28. A method of forming an electrical contact in a mul- 
tilayered integrated circuit, wherein the aspect ratio 
of said electrical contact exceeds 1:1, said method 
comprising the steps of: 

a) depositing from a source of ionized material 
at least one layer of a refractory metal com- 
prised of at least a portion of refractory metal 
and a portion of refractory metal compound 
formed by reacting the ionized refractory metal 
with a gas, over the surface of an opening 



through which said electrical contact is to pass; 
and 

b) depositing from a source of sputtered mate- 
rial at least one layer of conductive material 

s over the surface of the refractory metal layer 

until the through hole is filled with the conduc- 
tive material; 

c) the step of said filling the opening with con- 
ductive material includes the steps of deposit- 

10 ing the conductive material to form a seed layer, 

and then continuing to deposit the conductive 
material layer while maintaining the substrate 
at a ref low temperature. 

is 29. The method of claim 28, wherein the reflow step is 
achieved at a substrate temperature of no more 
than 360 C in no more than 4 minutes, and the con- 
ductor is aluminum. 

20 30. The method of claim 28, wherein.the reflow step is 
achieved at a substrate temperature of no more 
than 420 C in no more than 2 minutes and the con- 
ductor is aluminum. 

25 31 . The method of claim 28, wherein the reflow step is 
accomplished at 350 C in no more than 10 minutes 
and the conductor is aluminum. 

32. The method of claims 29 to 31 , wherein the contact 
30 has an aspect ration of 5: 1 . 

33. An apparatus for filling apertures in a film layer on 
a semiconductor substrate, comprising: 

35 an sputter chamber for providing an ionized 

deposition material to form a conformal film lay- 
er over the wall and base of the aperture; said 
chamber including a deposition material 
source, a gas supply, a substrate positioning 
40 member for positioning a substrate in said 

chamber, and an ionizing member for ionizing 
at least a portion of the deposition material be- 
fore it is deposited on the substrate; 
a deposition chamber for providing a source of 
45 deposition material for deposition over the film 

formed in the aperture in said sputter chamber; 
and 

a transfer chamber interconnecting said sputter 
chamber and said deposition chamber. 

50 

34. The apparatus of claim 33, wherein: 

said sputter chamber includes a reactive gas 
inlet for selectively introducing a gas into said cham- 
ber to react with at least a portion of said deposition 
55 material prior to the deposition of said ionized par- 
ticles on the substrate. 

35. The apparatus of claim 34, wherein said sputter 
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chamber further includes a sputtering target com- 
posed of a deposition material. 

36. The apparatus of claim 35, wherein said deposition 
chamber includes at least a target, a gas inlet, and 5 
a power supply for supplying energy to convert the 
gas supplied by said gas supply into a plasma and 
thereby sputter the target to provide the deposition 
material. 

10 

37. The apparatus of claim 36, wherein said deposition 
chamber further includes a valve for at least open- 
ing and closing said reactive gas supply, and a sys- 
tem controller coupled to said valve to selectively 
open and close said valve during the sputtering of is 
said target. 

38. The apparatus of claim 37, wherein said valve is 
maintainable in a closed position, then an open po- 
sition and then again in a closed position as said 20 
target is sputtered. 

39. The apparatus of claim 38, wherein said target in 
said sputter chamber is a refractory metal. 

25 

40. The apparatus of claim 39, wherein said target in 
said sputtering chamber includes titanium. 

41. The apparatus of claim 40, wherein said reactive 
gas is nitrogen. 30 

42. The apparatus of claim 41 , wherein said ionizing 
member includes at least one turn of a conductor 
extending about a plasma formation region in the 
ion-deposition chamber. 35 
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